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Abstract

Objective: To analyze and compare the differential metabolites and abnormal metabolic pathways
in serum samples of papillary thyroid carcinoma (PTC) and healthy adults, and provide new ideas
for the early diagnosis and treatment of PTC. Method: Thirty serum samples of PTC patients diag-
nosed with pathology at the Affiliated Central Hospital of Qingdao University in Shandong Prov-
ince from March 2022 to December 2022 were selected, and 36 healthy adult serum samples were
collected. The data were processed using ultra-high performance liquid chromatography quadru-
pole time-of-flight mass spectrometry (UHPLC), principal component analysis (PCA), partial least
squares discriminant analysis (PLSA), and differentially correlated biomarkers and metabolic path-
ways were screened. Result: 41 credible differential metabolites were obtained through analysis and
screening, of which 22 were down regulated and 19 were up regulated. In PTC, a-Lysophosphatidic
acid and arachidonic acid showed a downward trend; Shunaconitic acid a-Linolenic acid and other
substances are showing an upward trend. 20 metabolic pathways were screened, including nitro-
gen metabolism, lysine degradation pathway, arachidonic acid metabolism pathway, etc. Conclu-
sion: There is a significant difference in metabolic profile between PTC and healthy adult groups;
glycolysis, amino acid metabolism, and lipid metabolism are involved in the pathological process
of PTC.
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1. 5|8

FR B8 (Thyroid Cancer, TC)A& P 43 Wk 22 4t HH I3 56 fe ey HWR A4 g, FECHR R 7L Sk R 98 (Papillary
Thyroid Carcinoma, PTC)/2 7340 28 FEUIR s o e i DL 2R 2 1] 40K, B 2 I AR S A 3G KT AN e
e, TC KRR, R 2020 45 tH 57 T A 41 ZLE B i 78 o O & A B RE KR SRR SE TR
i R AER TC KRR E T3 9 f7[2] £ ERATHRF WA RN, TC ORCh VR WIKEE(1] [3]
[4]. ENMCHF R, TC IR RZEIM, & TERL, 7630 & LRt TC Rii%E
B M EIE KR 5 — L. HET TC MAOmLHI M ANTE R, RE RS TC BEF&nyT E s R, (H
5 DR BFAFAE R AL 78 RGO, dk— B TC RIWHLE]. S EE PG, &5
RN

Ak, A4 %2 (Metabolomics, Metabonomics)fiff 5t 8 FH 1151 7l A= Wb B 4 A A7 e R 5 B2 W,
AR T2 7 fIRE R AR R RIS AELI (5] AR AL 2 R P8 AR VAR SR DR A i s B AE BB L
BEE B ECR LM SR. ZhAMAREAR L, SRk R RS SR B T A 2 2 S R 5 o A
N PR R, B BEEARRER CHZE” BERE, TR RANE IR 6]. HEFHZEN
KA KA B R RER A A AL AR I KA . AR 23R A BUEAE R AR A
AR 7] BAERX TR CZ BIRHA I T2 00, N AR A 0 e AT R R I RN, A 58 5
FHAR U 20 25 SR 78 003 VR T 72 A8 80 S A E FIBLBE 3kt g B i e i AT AL 1) B i (At 7 3T L
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R ISR AE T T 2 A2 .

AT 5T 3 R v RAOR € 1 DU BT TR AT IS TR 5 33 5% FH 452 AR (UHPLC-QTOF-MS) AR 2H 5 77 1256
PTC KAt NBEMIEAEABE TR I, 38 vk 22 AR ), -4k B AR RS, KRR TC M EAEYhs
ic¥, N TC EIEH . BRI IRIMKE.

2. AREFZE
2.1. ARFR

IEHL 2022 4 3 H #2022 4F 12 A2 TILAREEH B R E O RS Ef12 1) PTC S35 1
TEREAR 30 9, FRUCEEAE B A MIEFEAS 36 . #Z&FIH UHPLC-QTOF-MS “F- & /04T PTC IMiEFEA S
fi B RN MLIEFE AL 66 . AW 78 D& FH B KM B LR YZE Rk, A NHANRY
OB IS R . AW FT T A I R I8 S th TR 2240 B P 2 0 T AARARARE R SIZ6FF A (14 75 B (i 1% 3 2%

-
2.2. PNEHEBRERE

PIN: 1) GFE 18~65 %5 2) BRI 3) ARG A HORIR R R 200: 4) RJF
YIRS 5) ARUHE, Sl veso .

HEBR: 1) BRISHORBRRERT, % DA IR HALBOA o : 2) AEURIMAIRFLIING Lobk: 3) Bkl
O R PR
2.3. HARTAE

PTC BHETFARATTHR 6 HE 7 mIERESIEENKM 2 ml, EESANTITLHER 8 S48 9 MHRE
ZREEKIM 2 ml, 4351 3000 rmin' B0 10 min JFEUMLEREAR, B F-80°CUKFEHALFFH . FIIEUH i
TEVRATE 4CIRR, 292 /N, BBACEUMEREA 40 uL, B 1.5 mL B0 F, ALK 160 uL, e 5
min, {EEE04°C, 14000 rmin”', 15 min)jg, EHBBEE 1.5 mL 08, HIREEE 04T, 14000
rmin "', 15 min) 5 FT3H9_EI5BAE LC-QTOE-MS 43047

24. HARSH

Pl UHPLC-QTOF-MS 1E AR /0 B A4, WF7E PTC S{e R NBEIMIE A 2 5%, /% E
J AR RN R AR

il 26 ¥ ACQUITY-UHPLC #8 & R € 3 {SURT Q-Exactive 2474 UMK AT Orbitrap Jii 1% {X 7Y
PRI OB (LA, (AR D9(100%2.1 mm), AR 40°C, BEFEERIRIE N 4°C. WAIAH: RBIAH A N
0.1% (AR %0) FIR//K(F 2 mmol/L HIR%ER), iahAH B 25 0.1% (IEFR 4050 LM /7K o B EE BN : 0~1 min,
90%—>70%A; 1~19 min, 70%—>5%A; 19~20 min, 5%A. Wii: 0.4 mL-min ', #EFEE: 3 ul.

e F:  FEMIZE B T (electrospray ion source, ESIE), R 1E 6 B F A8 A, {3 FH =4l N2 4#Bh
W5 %5 FE B S AR, WIEN 1.2 L/ min i RFHTEE 20~1000 m/z, TSR 200C.

JR R HIRE A BT I0 R AR A AR S i TR R SR VPRI FE I R G AR, B 66 ANFE RS TR
HU 10 ul & BP 4, IWieiRS], 3R 200 ul, RPDIRFEIFEAR AL

2.5. HiEG

TERHAT IR UG EE AT 2 1, 75 B2K A Metaboscape 3.0 BCHFXT IR A6 4048 HEATIEHR AN . PEIE . BRifELL .
T SETAN T, AR SR SRR AN 2 4R Gt T ik ARG A T A R AT 2 M . R EE S
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Simca-P14.1 HAFHATHA L w04, OFE LD 2T (PCA)~ i fie /Iy — 3 F1 55 7341 (PLS-D A) A IE A ff
/N3R5 43 HT(OPLS-DA) .« K F R 7 25 45 25 8 A% 55 {8 (variable importance in the projection, VIP)%} 25 & i
1TIE, VIP > 1 [AZ S A AR A B2 0Tk . SRS R2 R0 Q2 23 5l FH T PPk A5 28 1) mT g e A
ATFRGE . F A MetaboAnalyst 4.0 s 22 x0T 22 S A 2T AC @ 2% 75 Hr

B A R 334 . SPSS 27.0 (SPSS, Chicago, IL). SIMCA-P 14.1 (Umetrics, Umed, Sweden) LA

J Excel (Microsoft, USA)%% .
3. /R
3.1. BEEXNHE

SRS T IL R A B KR L R R PTC B3 MLEREA 30 1], (8RS MLIEFEA 36 1,

PIALIEARSRIR LA 1.

Table 1. Basic information of papillary thyroid cancer group and healthy adult group
= 1. FRBREL KL R i BR B AR B AR 5

[(EE D PN FEODR e 7L Sk TR s 2
#1%(n) 36 30
T (X ts) 49 +8.59 50.61 +13.22
PR (&Z/5) 22/14 20/10
BB BE(U/L) 18.30 + 6.30 17.85 +4.64
BN EM(U/L) 18.22 +11.51 16.25 +6.26
JULEF (umol/L) 57.05 + 16.56 61.55+16.82
JR & (umol/L) 304.91 + 80.55 307.35 + 58.39
o JIEL [ % (mmol/L) 4.82+0.75 5.11+1.23
HH =1 (mmol/L) 1.13+£0.78 1.39£0.91
ER 2 P 1 4 11 L] 7 (mmol/L) 2.10 £ 0.60 3.25+1.06
Ui 125 = B HFOR i S5 2 B2 (pmol/ml) N/A 4.45+0.82
U 25 DU BB HFOIR Jit J5 282 (pmol/mil) N/A 16.15+2.92
e FOR R (uIU/ml) N/A 1.86 £0.79
FUR R ER R E (ng/L) N/A 1143+1752
HER IR Bk & A PR (ng/L) N/A 67.98 £93.32
R AR R 2= 2 AR B (ng/L) N/A 32.3+63.37
FUR R S TG T4 (ug/L) N/A 59.84 +136.27

3.2. QC Wi

N VAL SR R R AR AN SR AR AR E M, BRATDR A SEIR AR IE S TR T 8 MREA Y
Ji B R i (quality control, QC) (W1 1), BIN 8 4 QC FEAEAT PCA 7p#r)e, S MEALER —E sy
A R, ZEHR T 8 4 QC FE M I 22 6 I 5 7E 2SD Y A, Ui B 7 BEAN B AN 25 (e e dr
WD, SRR R AR E AT SRR, ISR BE NN I Z R AR R SR
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Figure 1. PCA analysis of quality control samples
B 1. FREEHIHER PCA 247

3.3. HEVA—1LbE

XA Peak 34T It Y8 LA 2By, BT AHXAR 1 {2 (relative standard deviation, RSD, R85 5%k
coefficient of variation, CV)XME AT, RIRERHASEASZ T S0%BHHFEHEAZ T 50%
(AU T AR KRR, 0SSR HOHE Hh I B R AT AN, BB AU T 5 B /M — 5y 2 — IR EAT SRR, Bl AR
HEALALFE, F] A P b (internal standard, 1S)iE47 19 —4k .

3.4. EREEGIT ST

3.4.1. KLsriE

IR AL REA ) () 2 AR, R AR R g2 ik ¢ BRI iR T, Kl A AR
MR, BEAFRRIIZAN LR IR BRI 2 RIS ED), PAARRR A ¢ A0
P-value (LA 10 AR E 68, H#Ls K/ OPLS-DA ALK VIP {H, HUSHEK VIP B, B
TR A Ik gs 1, B BRI aRR, B RN DEOER, FREER
AR K. Lhp fH <0.05, FC>2 (FC 2R AR &1L 20 18] 1) 22 S 135 250 A b tE ik 22 S PR AR
WY . 1 TR N (NEG) LI H 88 Fh 2 AR, b 54 R, 34 Fp 1M . 1E & 710 F(POS)
A 90 Rz AR, b B 20 B, N 70 FrnE 2).

3.4.2. IEXmE/DNZFREHIF 5347 (OPLS-DA)

M OPLS-DA 3B R LAE H, WARARX IR RE, FEAREALT 95%BEEXIFN . il
it OPLS-DA 43 HrEAiTml LA 22 AR M, T b2 VIP (EKF 1 R 2L ¢ 58N T 0.05 (10
K 3). EHAIRHTUEAR) Q2 EX/NT B Q2 {H; Q2 MIRIHL S MM A BER N T%; FINHiHE
B R AR, B Y BRI, BEPUSIAI Q2 BT N RE. Ui JE R B A R AT I A
P, AEESWEIHGAE 4).
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Figure 2. Volcano analysis in positive and negative ion mode
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Figure 3. Orthogonal partial least squares method-discriminant analysis
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Figure 4. Orthogonal partial least squares-discriminant permutation analysis

4. EXRER/NZIE - FIRI BB

3.4.3. BRBESHR

AT IE B AT PTC R R BN ML A A rp 22 AR A 4 8 (B A7 v B RR B 8 A B
PASE SBT3SO BT R . IEE R R (A 5), PTC Ag BERR A
B AR P B S B O I R SR, TE 5 B AR (W 1B )R b AR B SR DR AR BT
PO PRALIX 53, (BB AN IE B A S ERAR, 5 R DR AT A 2 6 s A2 M AU HE 1) PTC A B R
B2 AR D
3.4.4. ERTTH(PCA)

FIH A T (PCA)Y I i35t PTC B Ag R N ML AE A (AR A B AT /0. S5 R FToR, W44l
A2 R BN E, RERARYE AL ME RARFE P BRI X, PR ZH IR AE I 2 22 S (i 1] 7).

3.4.5. Lo 4

I ZE AR AT DR Ay R IR VAR, DA R IR 8 07 VAN 22 AR A AT A DG THRL, B A LA
ST AT AL R . B K/ MRZE LOG. FOLDCHANGE B K/, gk, Hoxf R LOG_ FOLDCHANGE
EW B RO AR LN FE I 22 S AR U5 3 25, S ARF S B A BAC I A X R EUE K
ANINE 8).

3.5. ERNEHIER

FHZZES 7%, RO E 7 H T4 X 7 1) PCA. PLS-DA. OPLS-DA #%Y, Jf H#fiE
T PR AR B A7 TE 0 B 2 PEAR I 22 57 AR 22 AU EE DR EL(VIP) SR i 8 8 7E 1 22 S PEAR 9,
— RN VIP > 1.0 A AR b X J3 BERCR, RIKE HOT B2 AR YA E T AEAS b 54« 455 VIP >
1.0~ £ NHA AUC > 0.95, H p <0.05 243815 41 Fhol {3 2 AR, L 22 Fsif, 19 Fp ki,
FEPTC W, VA MBEARER . FEAEDUMIR . ZERRIbk I, AR b2 KEHImE - H-3-BERRARR .. T HJE - PUA
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MER. ERERR-s-mBREL . »-& AT 2. HER. 55R. 2K - 7ER. 628K, &R, K&
R - AWER. 2720%. WER. B ERER. PR, RER. M/MBEHE T N-% R
L AR E TGS SRR o-WHRER. “BERUE . (IRE. ZRETRR. MR 7- &R
WIRPERT SRR B 700, ZRPER . BB W2t - AR BRI . REEM . PR M. LT
L-FAMR . ~FIMERERR . Mafpmsng . FLBE S ETHEH L 2),

Table 2. Differential metabolites between PTC and healthy adult groups under positive and negative ion modes

=2 ERBEFERT PTC SERMAEERERBEY

i o g ks opt TS
1 o-TA ML AR TR 2.03 306.66 175.07 0.00 l
2 A VUL 1.96 41.92 303.23 0.00 !
3 FEnhugk 111 1.53 436.74 653.27 0.00 !
4 Mz b2 1.82 162.92 369.23 0.03 !
5 i 5 3 B 2.04 413.45 173.01 0.00 1
6 a- 0 R 2.03 391.24 291.08 0.00 1
7 R WL 2.02 419.64 427.00 0.00 1
8 IES 2.04 419.60 285.04 0.00 1
9 IR 2.04 413.52 129.02 0.00 1
10 TR 7R AR 2.03 391.22 471.08 0.00 1
11 WIEMERTZ IR FR 7 557 1.96 391.36 351.05 0.00 1
12 K 2.06 419.62 283.02 0.00 !
13 HHE 2.03 419.88 563.11 0.00 1
14 F Rt - Hi-3- DR IE 63 1.32 112.84 365.27 0.00 !
15 P - YA R 1.13 33.53 456.14 0.00 1
16 e ok 2 R -s- PR R 5 1.66 282.92 199.97 0.00 !
17 P-EIET T 2.07 346.9 202.09 0.00 !
18 HE® 3.56 235.2 2185 0.00 !
19 BB 2.87 3203 189.3 0.00 !
20 HER - TR 1.89 243.09 191.2 0.00 !
21 R 2.89 259.76 143.45 0.00 !
22 = 2.43 312.78 174.02 0.00 !
23 REEG - RNER 3.05 237.56 143.51 0.00 !
24 YRR 2.98 326.15 154.9 0.00 !
25 i 2 2 2.12 451.32 261.1 0.00 !
26 B EIRERR 1.36 321.8 211.45 0.00 !
27 T IEL 1.98 256.31 142.3 0.00 !
28 IR AR R 2.32 490.34 153.5 0.00 !
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Continued
29 N- 2% i e 1.56 327.6 310.4 0.00 !
30 SR 1.86 241.5 235.4 0.00 !
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